A novel strain, G25
Streptomyces is the largest genus within the class Actinobacteria and comprises Gram-positive, aerobic bacteria developing extensively branched substrate and aerial mycelia that form chains of spores in a mature state. These species have a complex secondary metabolism and often synthesize various pigments or important antibiotics [1] . Many actinobacteria are able to synthesize and accumulate neutral lipids, such as triacylglycerol (TAG), as intracellular storage compounds [2, 3] . These compounds are assumed to not only help the organism to withstand periods of nutrient deprivation but also help it to survive desiccation. Low amounts of TAG synthesis have already been described for a number of species of the genus Streptomyces [4] . TAG represents a valuable precursor for the production of biofuels or oleochemicals. This encouraged the search for novel bacterial lipid producers in dry sand samples, collected in a region near Jeddah in Saudi Arabia. One isolate, strain G25
T , especially stood out due to its ability to accumulate up to 50 % of its cell dry weight as fatty acids from cellobiose and nearly 65 % (w/w) of its cell dry weight as fatty acids from glucose [5, 6] .
In a previous study, G25
T was isolated from a dry sand sample collected at a depth of 3 cm next to highway 40 near Jeddah, in Saudi Arabia (GPS coordinates of sampling site: 21.378489 N, 39.463930 E; [5] ). This location has an average daily temperature of 34 C (40 C air temperature and 46 C sand temperature at sampling time) and an average air humidity of 37 % without precipitation. The sand sample (200 mg) was suspended in 1 ml sterile saline (0.9 % NaCl, w/w). After sedimentation, 100 µl of the supernatant was spread onto mineral salt medium (MSM; [7] ) agar plates containing 150 µg cycloheximid ml À1 , 0.5 % (w/v) glucose and a reduced amount of nitrogen (0.025 %, w/v, NH 4 Cl) to induce the synthesis of storage compounds. Additionally, the agar contained Nile Red (0.5 µg ml À1 ; [8] ). The plates were incubated at 30 C for five days and examined under UV light. Fluorescent colonies were transferred to new MSM agar plates and subsequently stained with Sudan Black B (as described in [9] ).
For genome sequencing, the DNA of G25
T was extracted using the NucleoSpin Tissue Kit (Macherey-Nagel) according to the manufacturer's instructions for Gram-positive bacteria. The draft genome was sequenced at the Göt-tingen Genomics Laboratory and consists of 214 scaffolds with 8. [11] via the Genome-to-Genome Distance Calculator (GGDC) phylogeny web server ( [12] ; available at http://ggdc.dsmz.de/). Hence, these five strains were used as reference strains in subsequent morphological and chemotaxonomic studies.
For the generation of a phylogenetic tree, the 16S rRNA gene sequences of the 20 most closely related type strains were retrieved via the SeqMatch program of the Ribosomal Database Project (RDP; https://rdp.cme.msu.edu/; [13] ), because SeqMatch has been reported to be more accurate than the basic local alignment search tool (BLAST) at identifying database sequences that are closely related to query rRNA sequences [13] . This selection was complemented by the 16S rRNA gene sequences of S. albus DSM 40313 T (the type species of the genus Streptomyces), and Streptacidiphilus albus DSM 41753 T (the type species of the genus Streptacidiphilus), which was used as the outgroup.
Phylogenies were inferred using the GGDC web server ( [12] ; available at http://ggdc.dsmz.de/) using the DSMZ phylogenomics pipeline [14] adapted to single genes. Basing on a multiple sequence alignment created with MUSCLE [15] , maximum likelihood (ML) and maximum parsimony (MP) trees were reconstructed using RAxML [16] and TNT [17] , respectively. For ML, rapid bootstrapping in conjunction with the autoMRE bootstopping criterion [18] and subsequent search for the best tree were used. For MP, 1000 bootstrapping replicates were used in conjunction with treebisection-and-reconnection branch swapping and ten random-sequence-addition replicates. The sequences were checked for a compositional bias using the 2 test as implemented in PAUP* [19] .
The input nucleotide matrix comprised 23 operational taxonomic units and 1542 characters, 117 of which were variable and 57 of which were parsimony-informative. The base-frequency check indicated no compositional bias (P=1.00, a=0.05). ML analysis under the GTR+GAMMA model yielded a highest log likelihood of À3528.2, whereas the estimated alpha parameter was 0.02. The ML bootstrapping did not converge, hence 1000 replicates were conducted and the average support was 39.7 %. MP analysis yielded a best score of 244 (consistency index 0.6, retention index 0.7) and nine best trees. The MP bootstrapping average support was 55.2 %.
The resulting ML tree ( Fig. 1) shows the distinct separation of G25
T from a cluster of six species of the genus Streptomyces with 100 % MP support, including the five reference strains mentioned above and S. spinoverrucosus DSM 41648
T . However, the relative subtree height as well as the resulting distance from the aforementioned strains indicates a relatively distant relationship to S. spinoverrucosus DSM 41648
T . As previously discussed, the highly similar 16S rRNA gene sequences within the genus Streptomyces only provide for a low phylogenetic resolution [20] .
The Genome-to-Genome Distance Calculator (GGDC 2.1; http://ggdc.dsmz.de; [12] ) was used to calculate all digital DNA-DNA hybridization (dDDH) values between the genome of G25
T and all publicly available genomes of type strains of species of the genus Streptomyces for which a complete and annotated genome sequence was available (36 genomes). Furthermore, Kitasatospora cheerisanensis KCTC 2395 T and Mycobacterium tuberculosis H37Rv T were included in the analysis (Table S1 , available in the online Supplementary Material). The resulting dDDH values ranged from 17.5 to 25.8 % and were thus clearly below the 70 % species delineation threshold [21] .
Such dDDH values could not be calculated for G25
T and the five most closely related reference strains (S. massasporeus DSM 40035 T , S. hawaiiensis DSM 40042 T , S. indiaensis DSM 43803 T , S. luteogriseus DSM 40483 T and S. purpurascens DSM 40310 T ) due to the absence of the respective genome sequences. Thus, conventional DDH was performed to determine their relatedness to G25
T . The cells were disrupted using a Constant Systems TS 0.75 KW (IUL Instruments), and the DNA in the crude lysate was purified by chromatography on hydroxyapatite as described by Cashion et al. [22] . DDH was carried out as described by De Ley et al. [23] under consideration of the modifications described by Huss et al. [24] using a model Cary 100 Bio UV/VIS-spectrophotometer equipped with a Peltierthermostat-equipped 6Â6 multicell changer and a temperature controller with in-situ temperature probe (Varian). All measurements were done in duplicate. The resulting values were all significantly below the aforementioned species threshold value of 70 % [21] . This confirms that G25
T does not represent the species S. massasporeus (18.7/17.0 % relatedness), nor any of the species S. hawaiiensis (39.8/43.1 %), S. indiaensis (44.1/39.9 %), S. luteogriseus (46.9/51.7 %) or S. purpurascens (21.3/17.4 %).
RiboPrint analysis was performed by digesting the chromosomal DNA of G25
T and the five reference strains with PvuII, followed by hybridization of DNA fragments to a probe that encodes the rrn operon as described previously [25] , using the DuPont Nutrition and Health RiboPrinter system. This system has been shown before to have a discriminatory power for differentiation of bacteria at the level of species and even strains [25, 26] . The ribotype pattern of G25 T turned out to be different from those of type strains of the other closely related species of the genus Streptomyces (Fig. S1) .
Morphological, physiological and chemotaxonomic properties of G25
T were also compared with those of the five reference strains. The applied methods and results are described in the following paragraphs and summarized in Table 1 (as  well as in Tables S2-S4 and Fig. S1 ).
Morphological characteristics of G25
T were studied after incubation for up to 21 days at 30 C on the standard media used in the International Streptomyces Project (ISP) as described by Shirling and Gottlieb [27] . The observed growth, colours of aerial and substrate mycelia, as well as the presence and colour of soluble pigments produced by G25
T and the five reference strains are compiled in Table S2 for comparison. G25 T showed best growth on oatmeal (ISP 3) agar, moderate growth on ISP 2, ISP 4, ISP 5, ISP 7 and poor growth on ISP 6. Aerial mass colour was in the Grey colour series on almost all tested media. Only on ISP 6 could an aerial mycelium not be observed and the colour of the substrate mycelium was ivory. 
Streptomyces massasporeus DSM 40035 T (AB184152)

Streptomyces indiaensis DSM 43803 T (AB184553)
Streptomyces jeddahensis DSM 101878 T (KT741024)
Streptomyces fumigatiscleroticus DSM 43154 T (DQ442499)
Streptomyces variegatus DSM 41464 T (AJ781371)
Streptomyces fulvissimus DSM 40593 T (AB184787)
Streptomyces flavofungini DSM 40366 T (AB184359)
Streptomyces albus DSM 40313 T (AJ621602)
Streptacidiphilus albus DSM 41753 T (AF074415) Melanin production was observed on tyrosine (ISP 7) agar but not on peptone-iron agar (ISP 6). The poor growth and lack of melanin production on ISP 6 distinguish G25
T from the closely related type strains. 
Enzymatic activity
Alkaline phosphatase
Naphtol-AS-BIphosphohydrolase *Data regarding NaCl resistance for the reference strains from Wink [29] , or K€ ampfer [1] .
Spore morphology was analyzed using a field-emission scanning electron microscope (FE-SEM Merlin, Zeiss) on glucose-yeast-malt medium (GYM, DSMZ medium 65) after incubating the strain for 14 days at 28 C. Spore chains were spiral and the individual spores were cylindrical with a smooth surface (Fig. 2) .
The ability to utilize different substrates was tested on agar plates with basal medium [28] containing 1 % (w/v) of each carbon source. G25
T showed good growth with glucose, arabinose, sucrose, xylose, inositol, mannitol, fructose, rhamnose and raffinose but not with cellulose. In addition, growth with galactose, (crude) glycerol, lactose, maltose, cellobiose or starch has also been observed on MSM agar plates in a previous study [5] . The enzymatic activity was determined with the help of API ZYM (bioM erieux) test strips according to the instructions of the manufacturer. This analysis indicated the presence of alkaline phosphatase, esterase, leucine, valine and cystine arylamidases, acid phosphatase, a-/b-galactosidases, a-/b-glucosidases and N-acetyl-b-glucoseaminidase. G25
T was capable of growing in the presence of up to 5 % (w/v) NaCl on medium 5339 ( [29] ; Table 1 ). Furthermore, it could grow at temperatures ranging from room temperature (approximately 18 C) to 50 C. A tolerance of such high temperatures is in accordance with conditions found at the site of isolation (see above).
Sensitivity or resistance to common antibiotics was analyzed using the paper disc method on agar plates. A cell suspension of G25
T was spread onto GYM agar and 6 mm Whatman paper discs, soaked with 20 µl of antibiotic stock solutions, were placed on the dried agar plates which were then incubated for 2 days at 30 C. G25 T was susceptible to apramycin (15 mg ml À1 ), chloramphenicol (25 mg ml À1 ), erythromycin (15 mg ml Cellular fatty acids patterns were determined from cells grown to stationary phase in trypticase soy broth at 28 C. Cellular fatty acids were determined using the Microbial Identification System (MIS) (MIDI) and Sherlock Version 6.1 (method TSBA40, ACTIN6 database). The fatty acid pattern of G25
T was dominated by anteiso-and isopentadecanoic acid (17.6 and 15.5 % of total fatty acids, respectively), hexadecanoic acid (15 %) and iso-hexadecanoic acid (14.8 %) . Similarly, in all five reference species of the genus Streptomyces the main fatty acids were anteisoand iso-pentadecanoic acid, as well as iso-hexadecanoic acid (Table 1 ; all detected fatty acids are listed in detail in Table S3 ).
For the analysis of diaminopimelic acids (DAP), whole-cell sugars, polar lipids and menaquinones, freeze-dried cells were used. DAP isomers in the whole-cell hydrolysates (6 M HCl, 100 C, 18 h) were detected by TLC on cellulose plates by using the solvent system of Rhuland et al. [30] . The sugars in the whole-cell hydrolysates (0.5 M H 2 SO 4 , 95 C, 2 h) were analyzed by TLC on cellulose plates according to the protocol of Staneck and Roberts [31] . The polar lipids were extracted using a method based on the modified procedure of Bligh and Dyer [32] . Total lipid material was detected using molybdophosphoric acid spray reagent, and specific functional groups were detected using molybdenum blue (for phospholipids), ninhydrin (for aminolipids), anise aldehyde (for phosphatidylinositol mannosides) and Dragendorff reagent (for phosphatidylcholine; [33] ). The menaquinones were extracted using the method of Kröger [34] and analyzed by HPLC.
In G25
T , MK-9(H 6 ) (43 %), MK-9(H 8 ) (23 %), and MK-9 (H 4 ) (12 %) were identified as the predominant menaquinones, similar to the quinone profiles of the reference strains (Table 1) . Small amounts of MK-8(H 2 ) (7 %) and MK-7(H 4 ) (4 %) were detected in G25
T , which are missing in the reference strains (a detailed menaquinone composition is provided in Table S4 ). The profile of polar lipids of G25 T comprises diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol, phosphatidylglycerol and phosphatidylinositol mannosides as well as unidentified phospholipids and phosphoaminolipids (Table 1 and Fig.  S2 ). The cell wall of G25
T contained LL-diaminopimelic acids, which corresponds to cell-wall chemotype I [35] . The whole-cell hydrolysates predominantly contained glucose but also small traces of ribose and mannose.
This chemotaxonomic profile is consistent with the characteristics of members of the genus Streptomyces.
Apart from DNA-DNA hybridization values, 16S rRNA gene sequence-based phylogeny and Riboprint patterns, G25
T differed from the other closely related species with regard to several morphological and physiological features: it showed poor growth and lack of melanin production on peptone-iron agar (ISP 6) and did not produce soluble pigments on any tested medium apart from ISP 7. Furthermore, it was the only strain which showed esterase and cystine arylamidase activity and contained the menaquinones MK-8(H 2 ) and MK-7(H 4 ). Based on the results from this polyphasic approach, we suggest that strain G25
T represents a novel species within the genus Streptomyces for which the name Streptomyces jeddahensis sp. nov. is proposed.
DESCRIPTION OF STREPTOMYCES JEDDAHENSIS SP. NOV.
Streptomyces jeddahensis (jed.dah.en¢sis. N.L. masc. adj. jeddahensis refers to a region near the city of Jeddah in Saudi Arabia, from which the strain was isolated.
This species represents an aerobic, Gram-stain positive, non-motile, oleaginous actinomycete, with an extensively branched substrate mycelium and light-to dark-gray spores. Spore chains are spiral, spores are cylindrical and spore surfaces are smooth. The best growth occurs on ISP 3, moderate growth on ISP 2, ISP 4, ISP 5 and ISP 7 and poor growth on ISP 6. Grey aerial mass is formed on all tested media except ISP 6, where only substrate mycelium appears. Soluble pigments are not produced on ISP 2-6. Melanin is formed only on tyrosine agar. Utilizes glucose, galactose, fructose, mannitol, rhamnose, arabinose, xylose, inositol, (crude) glycerol, lactose, maltose, cellobiose, sucrose, raffinose and starch but not cellulose. Tolerates high temperatures of up to 50 C and up to 5 % (w/v) NaCl. The determined chemotaxonomic properties are typical for members of the genus Streptomyces with anteiso-and isopentadecanoic acid, hexadecanoic acid and iso-hexadecanoic acid as predominant fatty acids as well as MK-9(H 6 ), MK-9(H 8 ), and MK-9(H 4 ) as prevalent menaquinones. Synthesizes the polar lipids diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol, phosphatidylglycerol and phosphatidylinositol mannosides and contains glucose, ribose and mannose. The cell wall is classified as chemotype I due to the presence of LL-diaminopimelic acid.
The type strain, G25
T (=DSM 101878 T =LMG 29545 T ) was isolated from arid soil collected in a region near the city of Jeddah in Saudi Arabia. The DNA G+C content of the draft genome sequence of the type strain (70.3 %, containing 8.5 Mbp) indicates a value of approximately 70 mol% for the species.
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